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Abstract.-The p r e s e n t work p o i n t s o u t t h e advantages of a ref l e c t i o n v a r i a n t of small-angle X-ray scattering(RSAXS) i n t h e study of amorphous t h i n films.The method i s applied t o amorphous Max (a-Ge) l-x films (0.07<x*O. 32) ,allowing the determination of t h e s i z e d i s t r i b u t i o n and magnitude of the compositional f l u c t u a t i o n s .
Introduction.-The p r e s e n t i n c r e a s i n g i n t e r e s t i n t h e microstructure of t h e amorphous films [I] r e q u i r e s adequate s t r u c t u r a l methods t o ass e s s q u a n t i t a t i v e l y t h e e x i s t i n g f l u c t u a t i o n s i n d e n s i t y and/or comnosition.On t h e o t h e r hand,thin films a r e usually d i f f i c u l t t o be removed from the s u b s t r a t e , i n order t o be submitted t o conventional transmission small-angle X-ray i n v e s t i g a t i o n s .
A r e f l e c t i o n SA S method (RSAXS) i s p a r t i c u l a r l y s u i t a b l e i n t h e ' d study of films 103-10 8 t h i c k , a s t h e glancing incidence amplifies the beam pat& i n the m a t e r i a l by a f a c t o r l/sin0.Also,the d i f f r a c t e d i n t e n s i t y i s b e t t e r averaged,due t o the l a r g e i r r a d i a t e d area.For t h i n n e r f i l m s o r low absorption c o e f f i c i e n t s an absorption c o r r e c t i o n may be required. A s very l i t t l e i s known nowadays about t h e s t r u c t u r e of amorphous s u r f a c e s and underlying layers,RSAXS could a l s o open new i n v e s t igation p o s s i b i l i t i e s i n t h i s field.Surface mechanical imperfections and oxide l a y e r s can a l s o give r i s e t o s c a t t e r i n g e f f e c t s l2] ,but they a r e usually concentrated i n t h e range of very small k = 4 l l s i n e /~.
When used with a parafocusing qeometry,RSAXS i s s e n s i t i v e only t o t h e f l u c t u a t i o n component which i s normal t o the f i l m surface.Ther e f o r e , i t i s expected t o give u s e f u l information i n t h e case of anis o t r o p i c v o i d s t r e p o r t e d i n evaporated and s p u t t e r e d a-Ge films [3] .
Experimental technique.-RSAXS r e l i e s on the s t r o n g l i m i t a t i o n of the e q u a t o r i a l divergence i n a Bragg-Brentano d i f f r a c t o m e t r i c set-up.Our experiments were performed with a small-angle device mounted on t h e sample holder o f a conventional Siemens d i f f r a c tometer. The e q u a t o r ia l divergence was l i m i t e d by means o f a Au-plated e d g e , p a r a l l e l t o the sample s u r f a c e a t a v a r i a b l e distance-The divergence of t h e beam was about 2. 1om3rad,which corresponds t o a r e s o l u t i o n A k of 2.10'~8-' f o r t h e CuK, wavelength which was used.This i s t o be compared with a t y p i c a l e q u a t o r i a l divergence of 1.10-4rad i n conventional SAXS cameras.
Thus,reflection SAXS can be useful mainly i n problems which do not require a hiqh resolution. Also, i n our experiments t h e measurable k range extended downwards t o about 6 
due t o t h e l i m i t e d length of t h e sample-This l i m i t a t i o n i s a l s o r e l a t e d t o t h e proximity of t h e t o t a l r e f l e c t i o n incidence angle. RSAXS e f f e c t s a r e superposed onto t h e sample volume s c a t t e r i n g . In a Fresnel formalism applied t o t h e d i f f r a c t o m e t e r geometry,a sam-
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1981444 p l e of uniform e l e c t r o n d e n s i t y w i l l s c a t t e r a small-angle i n t e ns i t y ( k )~k -~ , a l t h o u g h t h i s Sguendence can be e a s i l y d i s t o d d by an i m p e r f e c t p l a n e i t y of t e samule surface.4ny d e n s i t y f l u c t u a t ions i n t h e s i z e range 10-lo2 w i l l modulate t h i s average s c a t t e r i n g and t h i s e f f e c t can be t r e a t e d i n t h e Fraunhofer approximation, due t o t h e i n v e s t i g a t e d d i s t a n c e s b e i n g s m a l l i n comparison w i t h t h e sample l e n g t h .
Inhomo e n e i t i e s i n c e r m e t -t e M o (a-Ge)l-, t h i n films.-The p r e s e n t work r z p o r t RSAXS r e s u l t s o%zaine$ G m o r p h o u s cermet Mo,(a-Ge)l-, t h i n f i l m s w i t h x=0.07, 0.22 and 0.32.
The
i s r e m i n i s c e n t o f t h e SAXS on q u a s i -s p h e r i c a l part i c l e s and must be a s c r i b e d t o zones of c o m p o s i t i o n a l f l u c t u a t ion, where t h e M o c o n c e n t r a t i o n i s above t h e average v a l u e . I n f o r m a t i o n a b o u t t h e s i z e and d e n s i t y f l u c t u a t i o n i n t h e s e zon e s can be i n f e r r e d from t h e highfrequency o s c i l l a t o r y p a r t o f t h e RSAXS i n t e n s i t y . T h i s i n v o l v e s sep a r a t i n g t h e low-frequency, monotonous i n t e n s i t y component I v ( k ) , which i s due t o sample volume e ff e c t s , from t h e t o t a l s c a t t e r e d i n t e n s i t y I ( k ) . T h e s e p a r a t i o n comn r i s e s two s t e p s : s u b s t r a c t i o n o f
and averaqe power f u n c t i o n i n k and subsequent F o u r i e r f i l t e r i n g of t h e remaining low-f requency component. The r e s u l t i n g o s c i l l a t o r y p a r t k . i ( k ) o f t h e RSAXS i n t e n s i t y i s shown i n f i g . 2 f o r t h e samples w i t h x=0.22 and 0.32 : i ( k ) = ( I ( k ) / I y ( k ) ) -1 . M u l t i p l i c a t i o n by k favourably reduces t h e w e i g h t of t h e low a n g l e rangerwhich i s most e f f e c t e d by t h e f i n i t e l e n g t h o f t h e sample.
A s can b e s e e n i n f i g .
, t h e o s c i l l a t o r y component i s r a p i d l y damped a t h i g h e r k,which p o i n t s t o a l i m i t e d s i z e range o f t h e i n v e st i g a t e d c o m p o s i t i o n a l f l u c t u a t i o n s .
A F o u r i e r t r a n s f o r m of k . i ( k ) y i e l d s t h e e l e c t r o n d e n s i t y f l u ct u a t i o n A@=@-povs.the d i s t a n c e R from an averaqe atom i n t h e sample ( f i g . 3 ) .The a v e r a g e e l e c t r o n d e n s i t y p depends on t h e composition x. I t i s t o be n o t i c e d t h a t f o r x=0?22 t h e r e i s a s i n g l e maximum a 1 R=125 2. The A p ( R ) dependence can be i n t e rp r e t e d i n t h e frame of a model ,cons
a n c e s between zones a r e exq e c t e d t o a p p e a r a s maxima i n t h e d i st r i b u t i o n o f t h e d e n s i t y f l u c t u a t i o n s . The a r e a o f a maximum,i.e.the number o f e x c e d e n t a r y e l e c t r o n p a i r s , i s exp e c t e d t o be ( A p ) 2 .~n t h e o t h e r hand, t h e d i s t r i b u t i o n of t h e Gc-Mo p a i r d i s t a n c e s between t h e m a t r i x and t h e zones s h o u l d be r a t h e r f e a t u r e l e s s . .of c o u r s e r t h e packing o f t h e zones 20-i s n o t r e a l l y c l o s e and they may d i f f e r by t h e i r M o concent r a t i o n , s o t h a t t h e above p a i r d i s t a n c e s have o n l y a h i n t va-1 u e . B~ assuming f o r t h e d i st a n c e o f c l o s e s t approach D t h e v a l u e 96 W,correspondinq t o t h e f i r s t maximum, t h e i n t e r -z o n e d i s t a n c e s p r e d i c t e d f o r a c l o s e packing a r e 157 and 187 2 , i n rough agreement w i t h t h e p o s i t i o n s o f t h e peaks on f i g . 3 .
The d a t a i n f i g . 3 b can a l s o be used t o e s t i m a t e t h e magnitude d f t h e e l e c t r o n d e n s i t y f l u c t u a t i o r t A D f o r x=0.32.Taking i n t o account t h e a r e a A o f t h e main peak a t 96 and t h e p r o b a b i l i t y p o f f i n d i n g a Mo-rich zone a t a g i v e n d i s t a n c e R from a n o t h e r zone,Ap= &ID. 
